Active non-volatile taste components, including free amino acids, the flavor of the 5'-nucleotides, lactic acid, succinic acid and 4 kinds of inorganic ions (chloride, sodium, potassium, phosphate ions) of the viscera and the adductor muscles of oysters (Ostrea rivularis) were analyzed. Additionally, a contrast experiment was conducted to highlight the difference in tastes between adductor muscle extracts and viscera extracts. Taste activity values (TAVs) and equivalent umami concentration (EUC) were calculated for samples of the two tissues. Our results showed that the total amount of free amino acid in the adductor muscle was about 5 times as that in the viscera; and the TAVs of five free amino acids in the muscle exceeded 1, while TAVs of all amino acids found in the viscera were below 1. Additionally, the EUC of the adductor muscle was about 35 times as that of the viscera. The TAVs of succinic acid were above 1 in both tissues. Cl − contents in the muscle and the viscera were approximately equal, but the contents of the other three inorganic ions we tested were different. Furthermore, the results of sensory tests showed that the adductor muscle was preferred to the viscera. In conclusion, the taste of the adductor muscle was found to be far more intense and preferable to that of the viscera.
Introduction
Seafood condiments are frequently used in our daily life to enhance the flavor of our food. Several studies have successfully identified the active flavor compounds in seafood (Spurvey and Shahidi, 1998; Fuke and Konosu, 1991; Ninomiya, 2002) . Generally speaking, flavor compounds include volatile compounds and nonvolatile components, and the latter consists of water-soluble and low-molecularweight components. The nonvolatile components of flavor compounds are considered to be the source of flavor and are classified into nitrogenous (free amino acids, nucleotides, organic bases and related compounds) and non-nitrogenous compounds (sugars, organic acids and inorganic compounds) with the exception of vitamins, minerals and pigments (Konosu and Yamaguchi, 1982) . However, taste is not only related to the concentration of such compounds, but also influ-enced by their detection thresholds. That is why taste activity value (TAV) is widely used in evaluating the taste impact of the individual taste active compound in the food system. TAV is the ratio of concentration of an individual compound divided by its corresponding taste identification threshold. If the TAV value is above 1, the individual compound is considered to be active in food taste (Rotzoll et al., 2006; charbert and Hofmann, 2005; Schlichtherle and Grosch, 1998) . Moreover, Mau (2005) introduced an alternative metric called Equivalent Umami Concentration (EUC) that is based on the concentration of nonvolatile components. EUC is the concentration of MSG equivalenting to the umami intensity given by the mixture of MSG-like amino acids and 5'-nucleotide, which can also be referred to as equivalent taste value.
Ostrea rivularis is a type of shellfish which is popular in the southern part of China (Haiyan et al., 2004) , and it is also the source of some very important components of oyster sauce. Oyster sauce is natural seafood seasoning famous for its rich and delicious taste and is universally used in Asian detected. Washing and viscera separating were performed immediately after purchasing. After separating the viscera, the adductor muscle weight was about 77% to the total fresh oyster weight. Then the viscera and adductor muscle were immediately homogenized respectively and active non-volatile taste components in the each homogenate were detected.
Free amino acids assay The free amino acids were estimated by using a high speed amino acid analyzer (L-8500A, Hitachi Co., Tokyo, Japan) according to the method by Rubin and Bossard (1975) . Each analysis was done in triplicate (n = 3).
Flavour 5'-Nucleotide assay 5'-Nucleotides including inosine 5'-monophosphate (5'-IMP), Guanosine 5'-monophosphate (5'-GMP) and adenosine 5'-monophosphate (5'-AMP) were extracted and analyzed by a method similar to that reported by Hwang et al. (2000) . A 1g sample was homogenized in 30 mL of 6% cold perchloric acid (PCA) for 2 min. Then, the sample was filtered and neutralized with 1 M potassium hydroxide (KOH). All sample solutions were filtered through 0.45 μm filters prior to HPLC (Shimadzu LC-20A) analysis. The column was a Cosmosil5 C18, 4.6 × 250 mm. The temperature was room temperature. The eluents used were (A) 50mM KH 2 PO 4 -K 2 HPO 4 , pH 6.5 and (B) eluent A / methanol=9:1, v/v. The flow rate was set to 0.7 mL/min and the following gradient was performed: initial of 100% A for 14 min, linear change to 25% A for 4 min, linear change to 10% A for 4 min and finally linear change to 100% B for 3 min and 100% B was then kept for another 25 min. The wavelength of the detector was set at UV 254 nm. The identity and quantity of the nucleotides were assessed by comparison with the retention times and peak areas of each nucleotide standard. 5'-Nucleotide standard preparations including GMP, AMP, and IMP were purchased from the Sigma Company. Each independent replicate analysis was done in triplicate (n = 3).
Lactic acid and succinic acid assay Lactic acid and succinic acid were extracted and analyzed by a method similar to that reported by Dang et al. (2008) . A 1 g sample was homogenized in 25 mL of purified water for 2 min. Then, samples were centrifuged at 10,000 g for 10 min and then filtered through 0.45 μm filters prior to HPLC analysis. The HPLC and the column were the same as for the nucleotide analysis, the detector wavelength was set at UV 210 nm and the column temperature was 25℃. Phosphate buffer (pH2.5), with methanol 1% in ultra-pure water was used as the eluent at a flow-rate of 1.0 mL/min. The identity and quantity of lactic acid and succinic acid were determined by comparison with the retention times and peak areas of the standard. Organic acid standard preparations were purchased from the Sigma Company. Each independent replicate analysis was countries (Je et al., 2005) . Its taste derives mainly from shucked oyster meat, the principal raw material used to make the sauce. The traditional method of preparing oyster sauce consists of boiling the shucked oyster, concentrating the soup with salt, adding other seasonings to enhance the flavor, then grinding and homogenizing which at last turns it into a thick liquid. The traditional method is still the dominant method for mass production of oyster sauce in China, even though some modern methods such as enzymolysis and fermentation (Je et al., 2005; Kasetsart and Bangkok, 1989; Simpson et al., 1998) are studied. Although the taste of product by traditional method is more delicious, it takes more work and time, and the utilization rate of raw materials is lower. Thus, it is necessary to develop the right modern methods. According our latest research, the main reason that modern processes were not used in mass produce is bad taste derived from those processing, such as bitterness or fishiness. The first difference between traditional and modern processes is if raw material is broken. Commonly, the whole meat of shucked oyster is used to produce oysterjuice for the sauce in most traditional oyster sauce factories in China. This method does not destroy the meat structure, and the viscera is still wrapped by muscle and skin after boiling, but the enzymolysis or fermentation needs to grind or homogenize the whole meat, which releases the taste of viscera. Similarly, the whole meat of shucked oyster is used to prepare grilled oyster, a traditional Chinese snack, which typically needs a lot of seasoning to cover up the poor taste before eating.
In the course of our experiment we found that the taste and smell of oyster-juice obtained without removing the viscera were poorer than that of oyster-juice obtained after removing the viscera. Very few reports had been published concerning the effect of different parts of raw materials on the taste and flavor of the final product, so we divided the oyster meat into two parts -the viscera and adductor muscle -for further study. The objective of our study was to analyze and compare the influence of the nonvolatile taste active components (free amino acid, flavour 5'-nucleotide, inorganic salt, lactic acid and succinic acid) found in the viscera and the adductor muscle of oyster on its overall taste by using TAV and EUC methods. Additionally, we conducted sensory tests to check their taste trait in order to provide basic data for the modern oyster processing.
Materials and Methods
Materials As raw materials, fresh shucked oysters (Ostrea rivularis) were bought from Zhanjiang Dongfeng fishery market in October and November 2011. The size of raw material is approximately uniform, about 2.5 cm × 5 cm every oyster. About 2 kg raw material were one-time processed and fishiness, aftertaste and overall acceptability) by a paired difference test. Each taste assessment was repeated 2 times. Taste profiles of the viscera and adductor muscle extracts were compared at open panel discussions.
Statistical analysis The experimental data were presented as means ± standard deviations (SDs) from two independent analyzes. Student's t test was used to determine the level of significance (P < 0.05).
Results and Discussion
Free amino acids Amino acids usually contribute a sour, bitter or sweet taste. (Shallenberger, 1993; Kawai et al., 2002) . The taste active value (TAV) is a very useful index as it can be used to evaluate the taste impact of compounds and indicates why some amino acids present strong taste even in small quantities. Although it does not take into account the possibilities of masking, enhancing, or additive effects of other compounds present in the food matrix, it is widely used to evaluate the taste impact of those individual taste active compounds in the food matrix (Rotzoll et al., 2006; charbert and Hofmann, 2005; Schlichtherle and Grosch, 1998) . Table 1 showed the content, taste attribute and TAV of free amino acids in the viscera and the adductor muscles of oyster (Ostrea rivularis). The total free amino acid contents of the viscera and the adductor muscle were 1.60 mg/g and 8.56 mg/g, respectively. The contents of all amino acids except Phe and Trp were higher in the adductor muscle than in the viscera. The TAVs of all amino acids in the viscera were lower than 1, but the adductor muscle had 5 amino acids (Glu, Ala, Arg, Val and Lys) with TAVs greater than 1. Based on the comparison of the content and TAV of free amino acids between the viscera and the adductor muscle, it can be speculated that the taste of the adductor muscle is more intense than that of the viscera.
Umami amino acids like Glu and Asp give the umami taste in the presence of a sodium salt (Yamaguchi et al., 1971) . The TAVs of Asp in the adductor muscle and the viscera were under 1, so its taste impact could be ignored. The amino acids with the highest content in the adductor muscle and the viscera were Glu and Tau, respectively. Amino acid analysis of fermented seasonings/foods from around the world had shown that Glu had significant umami taste and was the most abundant amino acid and the most important taste active component in them (Misako et al., 2009 ). Tau has also been reported to play a positive role in food taste (Shi-bing, 2008; Fuke et al., 1994) . Shi-bing (2008) demonstrated that Tau could significantly enhance the soft and gentle taste of Meretrix meretrix and improve its overall flavour. Apart from Glu, the other four amino acids with TAV higher than 1 in the adductor muscle were Arg, Ala, Val and done in triplicate (n = 3).
Inorganic ions assay Sodium and potassium were analyzed following wet-ashing of the samples and then conducted using an atomic absorption spectrophotometer (Model 2380, Perkin-Elmer Co., California, USA) according to the method of Onwuliri and Anekwe (1992) . The phosphate was analyzed following the conversion of molybdenum blue (photometry) (Köberlein and Mair-Waldburg, 1955) . The chlorides were determined following the modified Carpenter-Volhard method (Bañón et al., 1999) . Each independent replicate analysis was done in triplicate (n = 3).
Taste activity value (TAV) TAV value is the ratio between the concentration of taste compounds and its threshold value generally measured in water or in a simple matrix. Generally speaking, if the TAV of a compound is greater than 1, it is commonly considered as active in food taste.
Equivalent umami concentration (EUC) The equivalent umami concentration (EUC, g MSG/100 g) is defined as the concentration of an MSG equivalent to the umami intensity from a mixture of MSG-like amino acids and the relevant nucleotides. Its calculation formula is as follows (Yamaguchi et al., 1971) ,
where Y is the EUC of the mixture in terms of g MSG/100 g; a i is the concentration (g/100 g) of each umami amino acid (Asp or Glu); b i is the relative umami concentration(RUC) for each umami amino acid to MSG(Glu, 1 and Asp, 0.077); a j is the concentration (g/100 g) of each umami 5'-nucleotide (5'-IMP, 5'-GMP or 5'-AMP); b j is the RUC for each umami 5'-nucleotide to 5'-IMP (5'-IMP, 1; 5'-GMP, 2.3 and 5'-AMP, 0.18) and 1218 is a synergistic constant based on the concentration of g/100 g used.
Preparation of viscera and adductor muscle extracts The viscera extract and adductor muscle extract were prepared respectively by the method similar to that reported by Kubota et al. (2002) , One hundred grams sample was homogenized with 5 volumes of cold distilled water for 5 min. The homogenate was boiled for 3 min and centrifuged at 7000 × g for 30 min at 4℃ after it had cooled to room temperature (25℃). The resultant precipitate was extracted repeated as mentioned above. These supernatants were pooled and diluted to 1000 ml in cold, distilled water.
Taste panel assessment The panel was composed of 10 members (5 men and 5 women) who had been trained to be able to recognize five basic tastes according to the report of Hayashi et al. (1981) . The sensory assessments and comparison of the viscera and adductor muscle extracts were conducted using a five-point rating scale for the following items of taste (sweetness, sourness, saltiness,bitterness, umami, amino acids in the viscera were lower than 1. Among them, the content of Glu in the adductor muscle was about 6 times as that in the viscera. Arg was hardly found in the viscera while all of them were found in the adductor muscles. Based on the comparison and analysis of the contents and TAVs of these 6 amino acid between the viscera and the adductor muscle, it can be speculated that the taste of the adductor muscle should be more preferred than that of the viscera. Because Glu, Arg and Ala had significant umami or sweet taste, the adductor muscle should be take on umami and sweet taste.
Flavour 5'-Nucleotide Flavor 5'-nucleotides including 5'-IMP, 5'-AMP and 5'-GMP were reported to be important components of umami taste (Watanabe et al., 1990) . 5'-AMP has been reported to contribute sweetness to the food products to which it was added (Fuke and Ueda, 1996) . In the extractive components of scallops and kuruma prawns, it had been reported to provide sustainable, complex, and rich umami taste. 5'-IMP was known to be a umami substance, and its flavors were strengthened by Glu (Fuke et al., 1994) . Yamaguchi (1967) measured umami interaction between MSG and 5'-IMP and demonstrated that the enhancement Lys. Among them, Ala and Arg have been identified as the taste-active components of raw scallop adductor muscle and were also the major free amino acids found in boiled-dried samples (Konosu, 1988) . Arg has previously been shown to be an important taste active component that contributes a pleasant flavour to seafood products (Spurvey et al., 1998; Fuke and Konosu, 1991; Hayashi et al., 1981; Kawai et al., 2002; Konsu and Yamaguchi, 1987) . Ala have been reported to have significant sweet taste (Fuke and Konosu, 1991) , Lys is a basic amino acid, with a bitter and a slightly sweet taste. Yali (2009) reported that Lys is one of the main umami components in Parma ham. It has also been reported to be one of the characteristic constituents of pork and dried skipjack (Kubota et al., 2002; Macleod and Seyyedain-ardebili, 1981; Haefeli and Glaser, 1990) . According to the calculation, the summation of the contents of Glu, Tau, Arg, Ala, Val and Lys in the viscera and the adductor muscle were 0.87 mg/g and 4.43 mg/g and 54% and 52% in total free amino acids, respectively. The total amount of these 6 amino acid in the adductor muscle was about 5 times as that in the viscera. The TAVs of Glu, Ala, Arg, Val and Lys were greater than 1 in the adductor muscle, especially the TAV of Glu was 4, but all y. liu et al. The contents data were presented as mean ± SD. a Taste threshold value (mg/mL) of free amino acids in water (Kubota et al., 2002; Hayashi et al., 1981) . b not detected. c (+ = pleasant, − = unpleasant). Asterisks shown with the adductor muscle indicate significant difference from the viscera: *P < 0.05, **P < 0.01. oyster taste could be negligible . Succinic acid is also found to be abundant in shellfish and an important component of their taste (Yuexin, 2001) . Succinic acid at different concentrations had been reported to have a strong salty and bitter flavour in addition to its acidic taste in various fermented beverages (Spurvey et al., 1998; Takagi and Simidu, 1962; Amerine and Cruess, 1960; Coulter et al., 2004) . However, it has also been reported to be one of the most intense tasteproducing substances. Succinic acid and its sodium salt contribute to the special sour and umami taste of ruditapes philippinarum (Yuexin, 2001; Takagi and Simidu, 1962) . In stewed beef juice, umami taste was found to be reduced in the absence of succinic acid (Schlichtherle-Cerny and Grosch, 1998) . The contents of succinic acid in the viscera and the adductor muscle were 126 mg/100g and 56.4 mg/100g, respectively. The TAVs were 3.4 and 1.5 and all above 1. Compared with the Meretrix meretrix (36.0 mg/100 g) and Paphia undulata (38.2 mg/100 g) (Shi-bing, 2008) , the content of oysters was higher.
Inorganic ions Inorganic ions make important contributions to flavour (Fuke and Konosu, 1991; Hayashi et al., 1981) . Hayashi et al. (1979) found that in five species of crab, K + , Na + , PO 4 3− and Cl − ions make important contributions to their flavour. The levels, thresholds and TAVs of K + , Na + , PO 4 3− and Cl − ions in the viscera and the adductor muscles of oysters were listed in Table 4 . Among the four ions, K + and PO 4 3− contents were higher in the viscera, and Na + content was higher in the occurs synergistically. Kawai (2002) showed that the interaction of several sweet amino acids, such as Ala, Ser, and Gly with 5'-IMP, strongly enhanced the umami taste, even in the presence of a sweetness inhibitor (±2-(p-methoxyphenoxy) propanoic acid). Fuke and Ueda (1996) proved that even a very low concentration of IMP can bring a very pleasant taste, elicit complex tastes and strengthen the sweetness. Table 2 showed that the contents of IMP and AMP in the adductor muscle were 4.5 times and 8 times higher than those in the viscera, respectively. The TAVs of IMP and AMP were 0.5 and 1.6 respectively in the viscera, and 2.3 and 13.5 respectively in the adductor muscle. Based on this, it can be speculated that AMP and IMP may contribute a more significant impact on the flavor of the adductor muscle than on that of the viscera. In addition, 5'-GMP was not found in the oyster sample.
Furthermore, we calculated the EUC of the viscera and the adductor muscle of oysters to be 0.8 g MSG/100 g and 26.9 g MSG/100 g, respectively, according to the formula proposed by Mau (2005) . The EUC value of the adductor muscle was 35 times of the viscera. Based on this, it can be concluded that the umami taste of the adductor muscle is far more intense than that of the viscera.
Lactic acid and succinic acid The level of lactic acid and succinic acid found in the viscera and the adductor muscles of oysters were listed in Table 3 . Lactic acid was found to be the main acid present in shellfish (Spurvey et al., 1998) . The TAV of lactic acid was found to be much lower than 1, which suggests that the influence of lactic acid on Comparison of Active Non-volatile Taste Components in Different Parts of Oysters (Yamaguchi et al., 1971; Kato et al., 1989) .
The consentration data were presented as mean ± SD. Asterisks shown with the adductor muscle indicate significant difference from the viscera: *P < 0.05, **P < 0.01. (Rotzoll et al., 2006) . The consentration data were presented as mean ± SD. Asterisks shown with the adductor muscle indicate significant difference from the viscera: *P < 0.05, **P < 0.01. tract than those in the viscera extract. Bitterness and fishiness values, however, were lower in the adductor muscle extract than those in the viscera extract. The most striking difference between the two extracts was in overall acceptability. According to the descriptions of the taste panel, the adductor muscle extract had a mild seafood umami and sweet tastethe characteristic taste of the oyster. It was speculated by the test panel that the taste could be better if NaCl was added. The viscera extract, however, was described by the test panel as having a fishiness taste. These sensory results indicated that the adductor muscles were more preferable than the viscera of oysters. Combined with taste active components data, we found 10 kinds of taste active components with TAV values higher than 1 (Gly, Arg, Val, Lys, Glu, 5'-IMP, 5'-GMP, succinic acid, Na + , and Cl − ) in the adductor muscles and only 4 kinds of taste active components with TAV values higher than 1 (5'-AMP, succinic acid, PO 4 3− and Cl − ) in the viscera. TAV values of sweet and umami amino acids and flavor 5'-Nucleotide were lower in the viscera than those in the adductor muscles. This may be the main reason that the umami and sweet tastes of the viscera extract was inferior to that of the adductor muscles, while Cl − content was approximately the same between the two tissues. Without Na + salt the umami taste produced from Glu and Asp quickly turned weak (Yamaguchi et al., 1971) . The absence of Cl − enhanced the sour taste and suppressed, to some extent, sweetness and MSG-like tastes (Schlichtherle-Cerny and Grosch, 1998) . PO 4 3− could decrease bitterness and increase the intensities of MSG-like tastes and sourness. In the viscera, the TAVs of PO 4 3− and Cl − were above 1, but in the adductor muscle, the TAVs of Na + and Cl − were above 1. These differences may account, at least in part, for the difference in tastes between the viscera and the adductor muscles. Sensory evaluation The results of sensory tests of the viscera extract and the adductor muscle extract were listed in Table 5 . The umami taste value (3.5) was the highest and the bitterness value (0.3) was the lowest in the adductor muscle extract. In the viscera extract, the highest value (3.0) was that of aftertaste, while the lowest value (1.2) was that of the overall acceptability. There were no obvious differences in sourness, saltiness, and aftertaste between the two extracts. The values of three flavour items (sweetness, umami, and overall acceptability) were higher in the adductor muscle ex-y. liu et al. (Rotzoll et al., 2006) . b Threshold of the tri-potassium phosphate (Rotzoll et al., 2006) . c Threshold of sodium salt (Rotzoll et al., 2006) . The consentration data were presented as mean ± SD Asterisks shown with the adductor muscle indicate significant difference from the viscera: *P < 0.05, **P < 0.01. adductor muscle extract. Moreover, the synergistic effects of taste active components cannot be ignored. The EUC value of the adductor muscle was 35 times that of the viscera, and the results of our sensory tests further confirmed that the umami taste of the adductor muscle extract was significantly superior to that of the viscera extract. Taken together, these results indicate that the taste and smell of oyster meat removing the viscera are superior to that without removing the viscera. For household preparation of oyster food, the removal of the viscera will be a better way to obtain good taste. The viscera may be one reason that the taste of oyster sauce produced by enzymolysis or fermentation is always poorer than that by traditional method. Not only for traditional method, but for modern methods, the removal of the viscera will lead to better flavor of oyster products.
Conclusions
The results of this study provided valuable information on the taste characteristics of oyster. There were eleven kinds of taste active components in oyster whose TAV values were found to be above 1: five amino acids (Gly, Arg, Val, Lys and Glu ), two flavor 5'-nucleotides (IMP and GMP), three inorganic ions (Na + , PO 4 3− and Cl − ) and succinic acid. Among them, ten were found in the adductor muscle and four in the viscera. The total free amino acid content of the adductor muscle was about 5 times that of the viscera. There were 5 amino acids in the adductor muscles whose TAVs were above 1, while none of the amino acids in the viscera had TAVs above 1. Additionally, the EUC of the muscle was found to be about 35 times as that of the viscera. The two tissues also differed significantly in their inorganic ion contents. The TAVs of succinic acid were found to be above 1 in both tissues, but it was slightly higher in the adductor muscles than in the viscera. The results of our sensory test of viscera extracts and adductor muscle extracts showed that the umami and sweet taste, and the overall acceptability of the adductor muscles were much higher than those of the viscera. In conclusion, the characteristic taste of oyster was far more intense in the adductor muscles than in the viscera, and the taste of the adductor muscles was more preferred than that of the viscera. Based on these results, we proposed that removal of the viscera will lead to better flavor of oyster products.
